In tonsils of the soft palate of pigs high endothelial venules (HEV) occur throughout the parafollicular region. In some regions of the venules the endothelial lining is uniformly high ; in other areas, mainly the nuclear region of the endothelial cell protrudes into the lumen and the cytoplasmic region is attenuated. In this portion of the venule endothelial cells may traverse the lumen of the vessel to form intravascular bridging processes. The endothelial cells are characterised by pinocytotic vesicles, many surface microvilli, cytoplasmic processes and local cell-cell contacts with adjacent endothelial cells. These specialised HEV may play a role in the unusual pattern of lymphocytes from tonsillar tissue into blood. In the tonsils of the soft palate of pigs, HEV may mediate both lymphocyte migration to and from the lymphoid tissue. Further investigation is required to determine the importance of these 2 migration pathways.
proposed that in pig tonsils lymphocytes do not leave the lymphoid tissue via the efferent lymphatics as occurs in Peyer's patches. Lymphocyte emigration from the tonsils to the draining lymph nodes could not be demonstrated in their study. From this, they concluded that tonsils may export lymphocytes directly to the blood via HEV (Pabst & Nowara, 1984) even though no evidence to substantiate this pathway was provided. This pathway is the primary route for lymphocyte emigration from lymph nodes in pigs but not in most other species (Binns & Hall, 1966 ; Bennel & Husband, 1981 ; Pabst & Binns, 1989) . More recent work on lymph nodes of pigs has provided a description of ' unique ' intravascular bridging processes within the HEV of the lymph nodes which may provide a morphological mechanism for the emigration of lymphocytes from the lymphoid tissues via the blood (Sasaki et al. 1994 ). These features have not previously been described for tonsils in pigs.
The present account concentrates on the structure of the HEV of tonsils of the soft palate of pigs, in particular, the presence of intravascular bridging processes. This is important because the pig is a valuable model for kinetic studies of lymphocyte migration in lymph node and MALT. The conclusions of previous studies have been generalised to all species (Gray, 1995) despite distinct differences in the homology and structure of the lymphoid tissues and of lymphocyte recirculation patterns in pigs. The methods used were scanning and transmission electron microscopy.
  
Five Large WhiteiLandrace pigs aged 6-10 wk and weighing 14-20 kg were obtained from a minimal disease piggery. They were sedated with intramuscular azaperone (Stresnil, Boehringer Ingelheim, Artarmon, New South Wales, Australia) and killed with an overdose of pentobarbitone sodium (Lethabarb, Arnolds of Reading, Peakhurst, New South Wales, Australia).
Tonsillar tissue for electron microscopy was fixed by perfusing 50 ml cold fixative containing 4 % paraformaldehyde and 2n5 % glutaraldehyde through a polyethylene catheter placed in the common carotid artery. The tonsils were removed and immersed in the same fixative for a further 12-18 h, then washed and stored in 0n1  sodium cacodylate buffer at 4 mC.
Tissue for scanning electron microscopy was dehydrated in alcohol, cleared in xylol and mounted in wax. A smooth face was prepared with a microtome. A histological section (5 µm) from each block was stained with haematoxylin and eosin and used as an The lymphoepithelium and subepithelium are incompletely separated by a discontinuous basement membrane (dotted line). They form a dome-shaped elevation overlying usually 1, but occasionally 2 follicles (shaded). Lymphatic sinuses, but not HEV, arise in the subepithelium. The lymphatic sinuses join larger sinuses in the parafollicular region and they are closely located to the follicles and HEV. Lymph is conveyed from the lymphoid tissue to the draining lymph nodes along efferent vessels which course within the connective tissue capsule of the tonsil (not indicated) together with blood vessels.
aide in identifying structures with the electron microscope. The specimens were dewaxed, dried by the critical point method, sputter coated with platinum and examined using a JEOL 6300F [JEOL (Australasia) Pty Ltd, Dee Why, New South Wales, Australia] scanning electron microscope at 15 kV.
Tissues for transmission electron microscopy were postfixed in 1 % osmium tetroxide and contrasted with 5 % uranyl acetate, and then dehydrated and embedded in Epon\Araldite resin. Semithin sections were stained with toluidine blue and mounted on glass slides for light microscopy. Ultrathin sections, cut using glass knives, were mounted on uncoated copper mesh grids or Formvar-coated slot grids, contrasted with uranyl acetate followed by lead citrate, and examined with a Zeiss 10A (Carl Zeiss Inc., Berlin, Germany) transmission electron microscope.

The principal tonsil in the pig is the tonsil of the soft palate. It takes the form of extensive, yet discrete plate-like patches with numerous fossulae, on either side of the median furrow (Schummer et al. 1979) . The tonsils of the soft palate are supplied by the minor palatine branch of the maxillary artery (Wilkins & Munster, 1981) . The tonsillar arteries course within the connective tissue capsule and septa giving off branches which enter the lymphoid tissue.
High endothelial venules are located in the parafollicular region, often close to parafollicular lymphoid sinuses (Belz, 1996) (Fig. 1 ). They were lined by endothelial cells which protruded into the vessel lumen and contained numerous lymphocytes within their wall. In some segments of these venules, the endothelial lining was uniformly high (Fig. 2 a, b) , while in other segments, the endothelium had a lower profile and was attenuated at the cytoplasmic portion (Fig. 3 a, b) .
Venules which had a high profile were lined by a continuous layer of polygonal-shaped endothelial cells which projected up to 7 µm into the vessel lumen (Fig. 2 a, b) . They contained few pinocytotic vesicles, occasional Weibel-Palade bodies and were supported abluminally by a continuous basal lamina, pericytes and smooth muscle cells. Microvilli were prominent over the surface of endothelial cells, especially at areas where lymphocytes closely approached the endothelium (Fig. 2 a, b) . At these areas some of the microvilli on the surface of the endothelial cells appeared to contact either microvilli on the surface of lymphocytes, or areas of plasmalemmal density on the lymphocytes (Fig. 2 b) . Adjacent endothelial cells were joined by numerous intercellular junctions.
In other segments of the venules, the nuclear portion of endothelial cells protruded into the lumen and the cytoplasmic portion was more attenuated (Fig. 3 a) . Well developed finger-like processes projected from some endothelial cells into the vessel lumen (Fig. 3 a, b) . At their base, these endothelial cells contacted the basal lamina and they were continuous with adjacent cells of the endothelial lining of the vessel (Fig. 3 b) . In some cases, the endothelial cell lacked intimate contact with adjacent endothelial cells or basal lamina and appeared to be located entirely within the vessel lumen. Profiles of these sections revealed an indented nucleus. Cell processes extended over the endothelium and adjoined other endothelial cells at areas of plasmalemmal density (Fig. 3 a, b) . The endothelial cells and their processes possessed many microvilli on their luminal surface, pinocytotic vesicles at the luminal and abluminal plasmalemma, occasional Weibel-Palade bodies and lipid inclusions.

High endothelial venules of tonsils of the soft palate of pigs are characterised by polygonal-shaped cells protruding into the vessel lumen, many cell-cell contacts, microvilli scattered over their luminal surfaces. Weibel-Palade bodies and prominent rough endoplasmic reticulum within their cytoplasm. These features are similar to those described for other species (Anderson & Anderson, 1975 ; Umetani, 1977 ; Spalding & Heath, 1987 ; Ohtani et al., 1989 ; Perry et al. 1992 ; Gray, 1995) . Although in man, HEV apparently penetrate into the lymphoepithelium of the palatine tonsils (Perry et al. 1992) they were not observed in this location in tonsils of pigs. HEV were restricted to the parafollicular regions of the tonsil.
In pig tonsils some endothelial cells bridged across the adluminal wall of the vessel without contacting the basal lamina while other endothelial cells formed an intimate part of the vessel wall. They extended from the basal lamina into the lumen of the vessel. Specialised processes (marginal processes) on the surface of endothelial cells of HEV have been described in the palatine tonsil of the rabbit (Umetani, 1977) . These processes were relatively small but they were considered characteristic of postcapillary venules. They may develop as a consequence of lymphocyte migration through the vessel wall and play a role in lymphocyte attachment to the endothelial wall (Umetani, 1977) . In contrast, in pig tonsils, luminal processes are well developed and appear morphologically as intravascular bridging processes.
Intravascular bridging cells have recently been described in inguinal lymph nodes of the pig (Sasaki et al. 1994 ). In the lymph node, the bridging processes differ from those of tonsils as they were not observed to contact the basal lamina (Sasaki et al. 1994) . It is unclear, however, that these observations describe morphologically different cell types as tissues were not examined using serial sections either in this study or that of Sasaki et al (1994) . It would seem likely that they represent a similar cell type which is characterised by a base, intimately associated with the basal lamina and adjacent endothelial cells, a body extending into the vessel lumen where the indented nucleus is situated and is associated with a sparse cytoplasm, and attenuated cytoplasmic areas which contact other portions of the vessel.
Tonsils of the soft palate possess HEV of a structure similar to those described by Spalding & Heath (1987) and Sasaki et al. (1994) in pig lymph nodes. In the lymph node, intravascular bridging processes may account for the phenomenon in which efferent lymph contains a paucity of lymphocytes (Sasaki et al. 1994) . Pabst & Binns (1989) proposed that a similar migration pathway may exist in tonsils of pigs even though they provided no morphological evidence to support their view. The occurrence of intravascular bridging processes in HEV in pig tonsils may provide an efferent pathway for the migration of lymphocytes. If this possibility is accepted, then lymphocytes may enter the blood directly from the lymphoid tissue of the tonsil via the HEV.
Although the structure of HEV is similar both in tonsils and lymph nodes, in the tonsil at least, there is little empirical evidence to indicate that the presence of intravascular bridging processes correlated with the migration of lymphocytes from the lymphoid tissue to the blood. The usual pattern of lymphocyte migration does occur in the tonsil of the soft palate. Selectively labelled lymphocytes of the spleen and mesenteric lymph node of normal young pigs are found in the tonsil 1 d later (Nowara & Pabst, 1986) . The presence of these lymphocytes in the tonsil could only occur by lymphocyte migration from the blood to the lymphoid tissue from whence lymphocytes may enter the well-developed lymphatic pathways of the tonsil (Belz, unpublished results).
The possibility that HEVs of tonsils of pigs may allow bidirectional passage of lymphocytes cannot be discounted. Complete resolution of this pathway awaits a complex study of lymphocyte migration through the tonsil in which both the vascular specialisation of the HEVs and the well developed efferent lymphatic pathways are considered.

I gratefully acknowledge the assistance given by the Australian Federation of University Women -South Australia with funds. Approval to conduct these
